Leaves of Solena amplexicaulis are traditionally used as a remedy for the treatment of inflammation related disorders in the form of decoction by the Paliyar tribal community of Theni district, Tamil Nadu, India. This study was designed to investigate the antiinflammatory and antioxidant potential of crude methanol leaf extract and the isolated compound, forskolin from S. amplexicaulis. Their effects were evaluated by carrageenan-induced paw edema in experimental rats for 4 h. In vivo antioxidant and histopathological studies were also performed. Therapeutic potential of forskolin was further substantiated using PASS software. The oral administration of forskolin (10 mg/kg) exerted potent antiinflammatory activity by reducing paw edema (87.79%) than the crude extract (150 and 300 mg/kg) and it was comparable with the standard drug, indomethacin (10 mg/kg, 93.89%). Consistent with these findings, antioxidant, histopathological architecture and PASS software also reflected its prominent curative property. The obtained results therefore suggest that the compound, forskolin obtained from S. amplexicaulis is considered to be a valuable source of remedy for inflammation.
Inflammatory diseases are major cause of morbidity and mortality in the world [1] . It is a complex mechanism in which leukocytes migrate from the vasculature into damaged tissues to destroy the agents that can potentially cause tissue injury [2] . At the site of inflammation, overproduction of reactive oxygen species (ROS) predominates subsequent oxidative stress and potentially cause damage to biomolecules such as DNA, lipids and proteins [3] . A plethora of evidence for herbal medications garnered wide interest as complementary and alternative therapeutics. Now a days, search for natural entities with antiinflammatory activity with lesser side effects is vital [4] . Therefore, efforts are being continuously made to identify such agents and to validate their scientific authenticity.
Solena amplexicaulis (Lam.) Gandhi (Cucurbitaceae), is a perennial climber distributed in the dry deciduous forests of Southern India [5, 6] . The healers of Paliyar tribal community in Theni district of Tamil Nadu, India who have long history of traditional medical practice prescribe the leaf extract for the treatment of inflammation related disorders [7] [8] [9] and also to cure jaundice [10] . Based on use value, information consensus factor and fidelity level, Venkatachalapathi et al. [11] reported that it is one among the five most important species in the treatment of inflammation and wound healing in Nilgiris of Western Ghats being prescribed by the Irula tribal community. In addition to this, it is known from the literature that the tubers are astringent, appetizer, carminative, cardiotonic, digestive, diuretic, expectorant, invigorating, purgative, stimulant, sour and thermogenic [12] .Our early laboratory data also recorded several therapeutic properties as antimicrobial [13] and antioxidant activities [14] and phytochemical constituents [15, 16] for this species. Terpenoids, the characteristic feature of the family, Cucurbitaceae [17, 18] are attributed to various pharmacological claims including antiinflammatory, anticancer, antimalarial, antiviral and antibacterial activities [19] . Literature data abounds in examples that terpenic compounds like cucurbitacin IIb and cucurbitacin E isolated from certain Cucurbitaceae members are promising candidates exhibiting antiinflammatory effects [20] [21] [22] . To the best of our knowledge, literature pertaining to the antiinflammatory property of any terpenic compound isolated from S. amplexicaulis is still in lacunae. Therefore, the present study is addressed in search for novel bioactive entities with potential antiinflammatory and antioxidant activities in comparison with the crude leaf extract of this plant and to validate their therapeutic potential using PASS software.
MATERIALS AND METHODS
The leaves of S. amplexicaulis were collected from the thorny scrub jungles of Madukkarai, Coimbatore, Tamil Nadu, India, during the month of April 2014 ( fig. 1 ). The authenticity of the plant was confirmed by comparing with the reference specimen (Vide No: CPS 313) preserved at Botanical Survey of India, Southern Circle, Coimbatore. The leaf samples were cleaned, washed with copious amount of water, shade dried and coarsely powdered in a Willy Mill to 60 mesh size (Nippon Electricals, Chennai, India) for extraction.
Preparation of test samples:
For qualitative and quantitative estimations, 50 g of powdered plant materials were sequentially extracted in a Soxhlet extractor using organic solvents viz. hexane, benzene, chloroform and methanol. The air dried residue was subjected to extraction with water at a controlled temperature. For characterization of compound and in vivo experimental studies, the coarsely powdered sample was exhaustively extracted with methanol after dewaxing with petroleum ether to yield a dark brown semisolid residue. The solvents were evaporated using rotary vacuum evaporator (RE300; Yamato, Japan) and lyophilized (4KBTXL-75; Vir Tis Benchtop K, New York, USA) to remove traces of water molecules and were stored at -20° until further use (extractive yield 18.60%).
Qualitative and quantitative estimations:
The extracts were subjected to preliminary phytochemical analysis as described by Harborne [23] , and Trease and Evans [24] . For quantification, the alkaloid content was gravimetrically determined and expressed as mg/g dry powder [23] . The total phenolic and tannin contents were estimated and expressed as gallic acid equivalents (GAE) (10 to 50 µg/ml; R 2 =0.996) mg/g extract according to the method described by Siddhuraju and Becker [25] . The total flavonoid content was determined spectrophotometrically using a standard curve rutin (RE) (10 to 200 µg/ ml; R 2 =0.991) as per the method of Zhishen et al [26] . Content of ascorbic acid was calculated on the basis of calibration curve of authentic L-ascorbic acid (5 to 25 µg/ml; R 2 =0.897) and the results were expressed as mg of ascorbic acid (AA) equivalent/g of extract, proposed by Klein and Perry [27] . Total saponin content was determined by the method described by Makkar et al [28] . with some modifications and their values were expressed as diosgenin equivalents (DE, 20 to 100 µg/ ml; R 2 =1) derived from a standard curve.
Isolation, purification and identification of the bioactive compound:
Isolation was made using wet packing method of silica gel (60-120 mesh) column chromatography (5×80 cm) [29] . 15 g of methanol leaf extract was mixed with 15 g of silica gel (1:1) and allowed to dry to get free flow of admixture. At first, the slurry of adsorbent (silica gel) was added to the column approximately upto two third of its height, using 100% hexane and then the sample mixture was loaded at the top. It was eluted with solvent systems of increasing polarity such as hexane (100%), hexane:ethylacetate (95:5; 90:10; 85:15 and so on). Totally, 210 fractions (100 ml each) were eluted with 100% hexane. They were checked for their purity by analytical thin layer chromatography (TLC) in an appropriate solvent systems and the zone was detected with a UV lamp (366 nm) and iodine chamber ( fig. 2) . The fractions between 145 and 180 with similar Rf 0.46 (100% hexane), were pooled to provide a pale yellow amorphous powder (350 mg).
The melting point of the purified compound was 3b ). The compound also displayed positive response to copper acetate test for the confirmation of diterpene. All our spectral data, tests and also earlier literature confirmed the chemical structure of the isolated compound, as forskolin, ((3R,4aR,5S,6S,6aS,10S,10aR,10bS)-6,10,10b-Trihydroxy-3,4a,7,7,10a-pentamethyl-1-oxo-3-vinyldodecahydro-1H-benzo[f]chromen-5-yl acetate, fig. 3e ).
Experimental animals:
For acute toxicity screening, Swiss albino female mice (20-25 g ) and for in vivo antiinflammatory activity, Sprague Dawley female rats (150-200g) were procured from Small Animals Breeding Station, Mannuthy, Kerala and were acclimatized under standard environmental conditions (temperature 25±2°; humidity 35-60%; 14 h dark/10 h light cycles; air ventilation). They were fed with standard pellet diet (M/s. Hindustan Unilever Ltd., Mumbai, India) and fresh water ad libitum. The animals were housed for 10 days prior to experimental use in polyacrylic cages (38×23×10 cm) with not more than six per cage. The experiments conducted were approved by Institutional Animal Ethical Committee (Approval No: 659/02/a/CPCSEA).
In vivo acute toxicity studies:
Acute oral toxicity study was carried out according to the Organisation for Economic Cooperation and Development (OECD) [30] guideline 423. The experimental animals were divided into eleven groups of six animals (n=6) each. First group served as control and was treated with normal water. Groups 2-8 were orally treated with the doses of 50, 150, 300, 500, 1000, 2000 and 3000 mg/kg, respectively of crude methanol leaf extract, whereas Groups 9-11 received oral doses of 10, 50 and 100 mg/kg of forskolin, respectively. Observations were made for mortality and clinical signs up to 14 days.
In vivo antiinflammatory activity:
Carrageenan-induced hind paw edema model was used for evaluating the antiinflammatory activity [31] . The animals were fasted overnight prior to the experiment and were divided into 5 groups of six animals each as detailed below: Group I: normal control rats treated with water (normal); Group II: carrageenan (1% w/v in 0.9% saline) induced animals (negative control); Group III: carrageenan-induced animals pretreated with methanol leaf extract of S. amplexicaulis (150 mg/ kg, Leaf150); Group IV: carrageenan-induced animals pretreated with methanol leaf extract of S. amplexicaulis (300 mg/kg, Leaf300); Group V: carrageenan-induced animals pretreated with forskolin isolated from the methanol leaf extract of S. amplexicaulis (10 mg/kg, forskolin); Group VI: carrageenan-induced animals pretreated with the standard drug, indomethacin (10 mg/kg, indomethacin). 1 h after the oral administration of the test drug acute inflammation was induced in groups II to VI on the left hind paw by sub plantar injection of 0.1 ml carrageenan (1% w/v) in 0.9% saline. After the administration of carrageenan, paw volume was measured using Vernier caliper at every 30 min. The readings were recorded for the total of 4h and the percentage of paw edema inhibition was determined.
Collection of samples and preparation of homogenate:
At the end of the experimental period, the animals were sacrificed by cervical dislocation under mild chloroform anesthesia. The blood samples were collected by cardiac puncture and used for separating the serum by centrifugation in a refrigerated centrifuge (4°) at 3000 rpm for 10 min. Spleen, thymus and left hind paw were excised immediately and washed with cold saline. The tissues were weighed and 10% (w/v) tissue homogenate was prepared with 0.1M Tris HCl buffer of pH 7.4 and centrifuged at 6000 rpm for 15 min at 4° for cytosolic separation. The resulting supernatant and serum were used to measure nitric oxide (NO), protein, lipid peroxide (LPO) and hydroperoxide (HPO) and for various in vivo antioxidant assays. A section of hind paw was preserved and used for histopathological observation.
Antioxidant Activity:
NO and protein levels in serum samples were estimated by the method of Green et al [32] and Lowry et al [33] , respectively. The enzymic antioxidant activities viz., superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), glutathione-s-transferase (GST) and glucose-6-phosphate dehydrogenase (G6PD), and non-enzymic antioxidant activities viz., total reduced glutathione (GSH) and ascorbic acid (Vit C) were determined in tissue homogenates of spleen, thymus and hind paw [34] . LPO and HPO levels were assayed both in serum and tissues [35] .
Histopathological studies:
The hind paw tissues were removed and fixed in 10% formal saline, dehydrated and processed for microscopic observation. Micrographs (Canon 10.1 MP digital camera, Japan) were captured using Axiostar plus microscope (Carl Zeiss, Germany).
Statistical analysis:
Results were expressed as mean±standard deviation (SD, n=6). Statistical analysis was performed using one-way analysis of variance (ANOVA) by Tukey's multiple comparison range test (GraphPad prism 4.0 software) to judge the difference between various groups. P-value of 0.05 (P<0.05) was considered to be significant.
Prediction of activity spectra for substances (PASS):
The computer software, PASS (version 9.1) predicts biological activity based on structural formula of chemical compounds [36] .Thus by comparing the structure of anew substance with a well-known biologically active substances, it is possible to find out whether a new substance has a particular effect or not. PASS estimates the probabilities of a particular substance belonging to the active and inactive subsets of a substance from structure-activity relationships (SAR) base.
The result of the prediction was exhibited in a table containing the list of biological activity with appropriate probability values i.e., either revealed (Pa) or not revealed (Pi) for each activity type from the predicted biological activity spectrum and their values varied from 0.000 to 1.000. Only those activity types for which Pa>Pi are considered possible [37] .
RESULTS AND DISCUSSION
S. amplexicaulis leaves generally prescribed in the form of aqueous extract [9, 10] are the common ingredients in many folkloric and herbal medicines and have been widely ascribed to cure human disorders including inflammation, jaundice and skin diseases. In the present investigation, sequential extraction of leaf samples were carried out using five different solvent systems for the separation of nonpolar to highly polar compounds. The calculated yield percentage for S. amplexicaulis ranged between 0.60 and 13.80% (expressed as w/w percentage). Among them, extraction with polar solvents (methanol and water) revealed the recovery of high amount of solids. In qualitative analysis also the methanol and water extracts recorded higher number of secondary metabolites with prevalent degree of precipitation (+++, Table 1 ). By quantitative estimations it was found that the dry powdered leaf sample of S. amplexicaulis contained appreciable amount of alkaloid content (9.92 mg/g dry powder). Similarly, the crude methanol and water extracts also displayed considerable amount of phytochemical constituents viz., phenolics, tannins, flavonoids, ascorbic acid and saponins depending upon the extractive capacity of the solvents ( Table 2) . The above findings were in concordance with the reports of Choe et al. [38] and Pirbalouti et al. [39] who found that the phenolic and flavonoid contents were generally higher in high polar solvents. Therefore, it is apparent that methanol was the most effective solvent in the extraction of bioactive compounds from the crude samples. According to the literature perusal pertaining to this study, it is insinuated that the favorable contents of flavonoids and phenolic compounds ( Table 2 ) may be viewed as promising therapeutic entities against free radical-mediated pathologies [40] .
In acute toxicity study, oral administration of both the crude extract (up to 3000 mg/kg) and the isolated compound, forskolin (up to 100 mg/kg) of S. amplexicaulis leaf practically revealed its non-toxic nature. It did not induce any drug related toxicity or other mortality in animals at any of the doses tested. There were no visible signs of acute toxicity, net gain or loss in body weight and other gross behavioural changes (data not shown) till the end of the experiment (up to 14 days), indicating fairly high margins of safety. According to Loomis and Hayes [41] , the substances with LD 50 ranged between 5000 and 15 000 mg/kg are regarded practically non-toxic. Therefore, S. amplexicaulis leaf extract and forskolin can be considered as relatively safe. Values are mean±standard deviation (SD) of three independent experiments. Values not sharing a common letter in a column are significantly different (P<0.05). GAE-Gallic acid equivalent; RE-rutin equivalent; AAE-ascorbic acid equivalent; DE-diosgenin equivalent.
TABLE 1: EXTRACTIVE YIELD AND PRELIMINARY PHYTOCHEMICAL SCREENING OF VARIOUS SOLVENT EXTRACTS OF SOLENA AMPLEXICAULIS LEAF
In carrageenan-induced antiinflammatory activity, preadministered groups of rats with crude extracts (150 and 300 mg/kg) and forskolin (10 mg/kg) evidenced weak inhibitory response during early phase of inflammation but was able to effectively inhibit the increase of paw volume during the late phase (4 h after carrageenan injection, Table 3 ). Based on the above findings and the biphasic nature of carrageenan-induced paw edema, it is possible to propose that the significant activity observed in the late phase of inflammation may be due to the ability of extracts to inhibit the release and/or activity of the late mediators involved in carrageenaninduced paw edema. In this study, it is noted that the methanol leaf extract generated a dose-dependent inhibition of edematous volume (150 and 300 mg/kg by 71.76 and 82.44%, respectively), which might perhaps be in part due to the synergetic action of phytochemical constituents present in it (Tables 1 and 2) . Notably, the magnitude of antiinflammatory activity was found to be more effective in forskolin (87.79%) than the crude extract. The prominent activity of the compound reported in this study might probably be related to its ability to prevent the production of proinflammatory mediators such as TNF-α, IL-Iβ, PGE 2 and IL-b and suppressing the expression of COX-2 [42] . Some authors considered forskolin as a lead molecule for drug development as it trigger multiple biological activities including inflammation inhibition [43] [44] [45] .
It is widely accepted that ROS may be important both as a triggering signal upon initial tissue injury and in the development of tissue damage. An increased ROS and insufficient antioxidant activity is associated with inflammation. A variety of antioxidants are collectively required for the complete removal of free radicals to protect the body from adverse effects of ROS, generated from inadvertent exposure to carrageenan challenge [46] . Carrageenan intoxicated group of rats evidenced significant climb (P<0.05) in serum NO and decreased protein levels when compared with normal control rats. Oral administration of S. amplexicaulis leaf extract (150 and 300 mg/kg) and forskolin (10 mg/ kg) however significantly attenuated (P<0.05) these serum marker levels towards normalcy (fig. 4) . The compound, forskolin offered even better protection than the crude extracts.
Carrageenan-induced group of rats evidenced higher content (P<0.05) of lipid peroxidation products and reduced levels of SOD, CAT, GPx, GST, G6PD, ascorbic acid and GSH in spleen, thymus and hind paw in comparison to normal control rats (Tables 4  and fig. 5 ). However, a significant restoration (P<0.05) of these parameters was observed when the herbal drugs were administrated. Consequently, forskolin (10 mg/kg) and the standard drug, indomethacin (10 mg/ kg) upregulated the enzyme activity more efficiently (P<0.05) than the crude drug. Antioxidants like phenolics and flovonoids present in the crude extract owe their antioxidant activity with their ability to trap peroxyl radicals and inactivate lipid peroxidation and also prevent cellular damage induced by carrageenan (Tables 1 and 2 ). Furthermore, the significant capacity of the compound, forskolin reported in this study is thought to arise from its protective effects by counteracting and neutralizing the ROS which might aid in maintaining the antioxidant armory [47] . It is noteworthy in mentioning that oral administration of , and adenylate cyclase inhibitor (0.749 Pa, 0.000 Pi) might incredibly be involved in antiinflammatory mechanism [50, 51] (Table 5) .
Our study clearly demonstrated that the oral administration of crude extract (150 and 300 mg/kg) and the isolated compound, forskolin (10 mg/kg) from S. amplexicaulis leaf markedly dropped the Carrageenaninduced oxidative stress by significantly boosting the antioxidant enzyme status. Interestingly, the presence of phytochemicals viz; phenolics, flavonoids, alkaloids, tannins and terpenoids may be attributed to the observed antiinflammatory and antioxidant activities, forskolin (10 mg/kg) exerts its biological activity by stimulation of adenylate cyclase, thereby increasing cellular concentrations of the second messenger cyclic AMP [48] . Increased cellular cyclic AMP results in a broad range of physiological and biochemical effects mainly by reducing the release of one of the proinflammatory mediators, histamine [49] .
Histopathological examination of the paw biopsies revealed great number of neutrophils after carrageenan induction ( fig. 6 ). In contrast, oral administration of crude methanol extract and the compound, forskolin significantly enhanced the histological architecture by inhibiting the neutrophil infiltration and occurrence of few macrophages, and their effects were often comparable with that of the control and the standard drug, indomethacin.
The computer software, PASS simultaneously predicts several hundreds of various biological activities of pharmacological interest such as mutagenicity, carcinogenicity and embryotoxicity which are based exclusively on the structural formula of the substance [37] . In the present study by PASS, the Pa and thus exemplifying the pivotal role in acute phase of inflammation and treatment of various diseases emerging due to oxidative stress. Furthermore, PASS prediction and previous literature surveys strongly suggest that forskolin is a powerful lead molecular target used to eradicate dreadful diseases including inflammation. Giving the aforementioned evidence, it is tempting to speculate that forskolin represents an exciting scaffold to develop leads for the treatment of inflammation related disorders.
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